Blazars are known for their energetic multiwavelength flares from radio wavelengths to high-energy γ-rays. In this work, we study radio, optical, and γ-ray light curves of 145 bright blazars spanning up to 8 yr, to probe the flaring activity and interband correlations. Of these, 105 show > 1σ correlations between one or more wavebands, 26 of which have a > 3σ correlation in at least one wavelength pair, as measured by the discrete correlation function. The most common and strongest correlations are found between the optical and γ-ray bands, with fluctuations simultaneous within our ∼ 30 d resolution. The radio response is usually substantially delayed with respect to the other wavelengths with median time lags of ∼ 100-160 d. A systematic flare identification via Bayesian block analysis provides us with a first uniform sample of flares in the three bands, allowing us to characterise the relative rates of multiband and "orphan" flares. Multiband flares tend to have higher amplitudes than "orphan" flares.
INTRODUCTION
Blazars are luminous and highly variable across the entire electromagnetic spectrum. Their emission, dominated by relativistically boosted jets, shows a spectral energy distribution (SED) with two distinct humps. The low-energy peak (radio to ultraviolet, and in some cases X-rays) is thought to be produced by synchrotron radiation, and the high-energy hump (X-rays to high-energy γ-rays) is likely Compton emission. However, the source of the seed photons that produce the observed high-energy emission is not fully understood. Some models also attribute γ-ray flux to proton-mediated emission rather than inverse-Compton scattering. Traditionally, blazars are classified by their optical spectral line properties as BL Lacertae objects (BL Lacs; broad lines typically lost against a bright continuum) and flat-spectrum radio quasars (FSRQs; strong, broad lines).
Blazars exhibit violent flaring, in which the Earthdirected flux can increase by orders of magnitude over short timescales. Flares appear in multiple wavebands either si-⋆ ilioda@stanford.edu multaneously or with a time delay ranging from days to months. These delays can provide clues to the emission process and the relative location of the emitting region at different wavelengths. Flaring events are often accompanied by other phenomena such as the ejection of jet components mapped at very long baseline interferometry (VLBI) scales (e.g., Marscher et al. 2008 ) and rotations of the optical polarization plane (e.g., Blinov et al. 2017) . The origin of the γ-rays in particular is poorly understood. The most likely mechanism appears to be inverse-Compton (IC) scattering of lower-energy photons by the relativistic jet electrons. However, the nature of the incident photon field and the location of the upscattering electrons are poorly constrained. If the incident photon field is external to the jet (accretion disk, broad-line region, etc.), the IC scattering is referred to as external Compton (EC, e.g., Dermer et al. 1992) , while if the incident photons are from the jet itself it is called synchrotron self-Compton (SSC, e.g., Abdo et al. 2010b) . One can probe these uncertainties by studying the correlated variability between different frequency bands. Several monitoring programs have followed γ-ray-loud blazars at various wavelengths since the launch of the Fermi c 0000 The Authors gamma-ray space telescope, with the primary goal of constraining the mechanism and location of the γ-ray emission through time-series analysis. This is usually accomplished through the cross-correlation of radio and γ-ray light curves (e.g., Fuhrmann et al. 2014; Max-Moerbeck et al. 2014; Ramakrishnan et al. 2015) , or optical and γ-ray light curves (e.g., Patiño-Álvarez et al. 2013; Cohen et al. 2014; Hovatta et al. 2014; Ramakrishnan et al. 2016 ). An alternative approach is to organise intensive multiwavelength campaigns of individual sources (e.g., Rani et al. 2013 ; Karamanavis et al. 2016) .
In this work, we revisit the optical-γ-ray (Cohen et al. 2014 ) and γ-ray-radio correlations (Max-Moerbeck et al. 2014) as well as the underexplored optical-radio correlation using long-term monitoring of a large sample of γ-ray-bright blazars. Our goal is to apply statistical analysis to reveal correlation trends and compare them across blazar classes. We present the sample and the results of basic cross-correlation analysis in Section 2. In section 3 we use the correlations to associate individual flares seen in different wavelengths and examine the statistical properties of the correlated and noncorrelated "orphan" events. Section 4 discusses our findings and summarises our conclusions.
SAMPLE AND CROSS-CORRELATION RESULTS
We use data from the Owens Valley Radio Observatory (OVRO; 15 GHz) 40-m telescope 1 (Richards et al. 2011 ), the 0.76-m optical Katzman Automatic Imaging Telescope (KAIT; unfiltered charge-coupled device [CCD] exposures roughly corresponding to the R band) at Lick Observatory 2 (Filippenko et al. 2001; Li et al. 2003) , and the monthly averaged Large Area Telescope (LAT) γ-ray light curves from Fermi 3 (Acero et al. 2015) . The γ-ray light curves are automatically generated through aperture photometry using PASS8 and the latest FTOOLS package 4 . The photometry is in the 0.1-200 GeV range with a 1
• radius aperture on a monthly cadence, though observations < 5
• from the Sun have been excluded. OVRO and KAIT have been monitoring blazars since 2007 and 2009, respectively, in support of Fermi. Both programs run in a fully automated mode with an approximate cadence of 3 days. The full description of the reduction pipelines for both KAIT and OVRO can be found in Li et al. (2003) and Richards et al. (2011) , respectively. The sources in our sample common to these programs are all relatively bright objects from the first LAT blazar catalog (Abdo et al. 2010a) . The optical and γ-ray light curves are publicly available online, while the radio light curves are publicly available through the OVRO team. In this work we are considering observations from 01/2008 until 05/2017 for the radio, 07/2009 until 11/2017 for the optical, and 08/2008 until 11/2017 for the γ-rays.
Our final sample consists of the 145 common sources between OVRO, KAIT, and Fermi, 93 of which are BL Lacs, 47 are FSRQs, and 5 are as yet unclassified sources. Sample light curves showing strong intraband correlations are shown in Figure 1 . To probe these correlations quantitatively, we calculate the discrete correlation function (DCF; Edelson & Krolik 1988) for each pair of wavebands. For two time series with observations [x1, x2, ...xn], [y1, y2, ...yn], the DCF is defined through the unbinned discrete correlation
where (xi, yj) are the observations, ( x , y ) are the mean of each light curve, (σx, σy) are the standard deviation, and (ex, ey) are the average uncertainty, as
where N is the number of (xi, yj) pairs for which τ −∆τ /2 ≤ tj − ti ≤ τ + ∆τ . The standard error of the DCF is defined as (Edelson & Krolik 1988) 
We explored time lags between −1000 and 1000 days, a range chosen so that for any given time lag at least 2/3 of the light curves would be overlapping. This ensures a robust estimation of the DCF time lags, especially for the optical light curves where the observing gaps additionally reduce the periods of overlap with other wavelengths. The time-lag bins were set to the average cadence of the less frequently sampled light curve to ensure at least a few tens of pairs in each bin for a better determination of the uncertainty of the DCF. The entire dataset of each wavelength was used in the calculation of the DCF. Once a DCF peak was identified, we fitted it with a Gaussian function to best determine the cross-correlation coefficient at the peak as well as the peakweighted time lag (τ ) and its uncertainty (στ ).
For each blazar and each waveband, we generated a distribution of random cross-correlation functions, using the comparison waveband curves of all other sources (Cohen et al. 2014 ). This generates a distribution of statistical fluctuations in the DCF for each time-lag bin, using light curves with sampling and variability properties similar to those of the target source. In the optical band we restrict the random cross pairs to objects with right ascension (RA) within 3 hr. This ensures that the seasonal coverage, and hence the observation window function, are similar. This process results in ∼ 5000 false-pairs for optical-γ-ray and optical-radio cross-correlations and ∼ 20, 000 false-pairs for the γ-ray-radio comparison. From this distribution of falsepair matches we estimate the median and 1σ, 2σ, and 3σ confidence intervals for each time-lag bin. Using the falsepair distribution to measure the statistical fluctuations we quote the peak significance for each source, given as σ confidence level (note that the "σ" are thresholds for the standard probability intervals; the false significant distributions are not strictly Gaussian).
From the confidence intervals we estimate the significance of the peak in the real cross-correlation coefficient of interest. Figure 2 shows one example with the optical-γ-ray and optical-radio DCFs for J2236-1433. In this case the optical-γ-ray correlation exceeds 3σ, while the γ-ray-radio 55000 55500 56000 56500 57000 57500 58000 0. Figure 1 . Radio, optical, and γ-ray light curves of six sources with > 1.5σ correlation coefficient in all three pair combinations, normalised to the highest flux of each light curve. Green " " are for radio, black "x" for optical, and red "⋆" for γ-ray observations. peak significance is only ∼ 1σ. The peak measurements and significances for all pairs with a > 1σ correlation are given in the Appendix (Table A1) .
Optical-Radio Cross Correlation
The optical-radio cross-correlation analysis yielded 58 sources with a > 1σ correlation coefficient. BL Lacs account for 31 sources, 26 are FSRQs, and 1 is unclassified. Figure  3 shows the distribution of time lags with > 1σ correlation coefficients for the BL Lacs and FSRQs. Here positive time lags indicate optical peaks leading the radio. Clearly the majority of sources (89.6%) show positive time lags. Using the two-sample Kolmogorov-Smirnov (K-S) test 5 , we do not find any significant difference between the BL Lac and FSRQ time lags (43.8% probability that the two samples are drawn from the same distribution). There are 3 BL Lacs and 1 FSRQ with a > 3σ significant time lag. Out of the sources with > 3σ significant time lags all but one BL Lac 55000 55500 56000 56500 57000 57500 58000 MJD (days) Fig. 1 ) and the Bayesian block representation of the same light curves (right, dash-dotted green for radio, solid black for optical, dotted red for γ-rays). The dashed segments in the optical light curve denote the observing gaps. Lower panel: Discrete correlation function for the optical-γ-ray light curves (left) and the γ-ray-radio light curves (right). The red solid, blue dashed, and green dotted lines mark the 1σ (68%), 2σ (95%), and 3σ (99.7%) confidence intervals.
(J1959+6508) have positive time lags. From the distribution of significances, out of the 58 sources that showed at least a > 1σ correlation we estimate that 5.8 will be false positives; in the > 2σ set we should have no more than 0.6 false correlations.
Optical-γ-ray Cross Correlation
For the optical-γ-ray DCFs we found 73 sources (42 BL Lacs and 31 FSRQs) with a > 1σ correlation peak (Fig.  4) . Positive time lag indicates an optical peak leading the γ-rays. Again, there is no significant difference between the BL Lac and FSRQ time lags (a K-S test yielded a 30.3% probability). The distribution of time lags is narrow with the majority of sources showing time lags between [−50,50] days, while roughly half the sources have time lags consistent with zero (within 3σ), suggesting nearly coincident optical and GeV radiation zones. However, the 30 d cadence of the LAT light curve clearly limits our ability to probe short timescales. In order to assess whether the 30 d sampling of the light curves is affecting the derived time lags and thus our overall results, we repeated the above analysis for eight sources with publicly available 7 d light curves included in the LAT monitored list. Figure 5 shows the comparison of the derived time lags for the two different binnings of the Fermi data. The derived time lags are consistent within the uncertainties.
To investigate whether there is a systematic bias introduced by the coarser bins, we fit a line to the time lags derived by the two differently binned light curves taking the uncertainties into account. For the optical-γ-ray time lags we find a slope of 0.9 ± 0.3. For the γ-ray-radio time lags we find a slope 1.1±0.1, although it should be noted that in this case there are only four sources that show a correlation (see Section 2.3). In both cases the intercept is consistent with zero. These tests would suggest that although it will undoubtedly be productive to repeat this analysis with a more finely sampled LAT light curve at least for the sources with bright flares, the coarser binning is not biasing our results for the time lags in any significant way. The false positives in the optical-γ-ray case are estimated to be no more than 4.7 sources, 0.9 above 2σ. There is one BL Lac object (J0045+2127) with the optical leading the γ-rays by roughly 200 days (2σ). Considering the typical radio lag noted above, we might speculate that for this source the γ-rays are produced closer to the radio core. However, J0045+2127 is radio-faint and does not provide a significant γ-ray-radio DCF peak (see Table A1 ), preventing us from seeing the small lag that would be then expected.
γ-ray-radio Cross Correlation
Finally, the γ-ray-radio cross-correlation analysis yielded 73 sources with a cross-correlation coefficient greater than 1σ, 37 of which are BL Lacs, 33 FSRQs, and 3 unclassified sources (Fig. 6 ). Positive time lags means that the γ-rays are leading the radio emission. We estimate 8.2 of 73 > 1σ cross correlations and 0.5 of the > 2σ cross correlations are false. Again, the K-S test showed no significant difference between the BL Lac and FSRQ time lags (15.3% probability). The majority of sources (84.9%) and all the > 3σ significance sources (2 BL Lacs) have positive time lags; the radio peaks are strongly delayed from the γ-ray (and optical) flares. By comparing the unlagged light curves of Figure 1 with the correlation peak lags in Table A1 of Appendix A, one can visualise the expected shifts. Each of these sources has at least > 1.5σ for all three DCF peaks.
Comparison with Other Studies
Earlier investigations typically measure only a single wavelength pair, but it is worth comparing our results with these studies' findings.
Max-Moerbeck et al. (2014) investigated the γ-rayradio correlation using data from OVRO and Fermi, but with a shorter time span (about 3-4 yr). They estimated the significance of the DCF correlation coefficient by creating simulated light curves with statistical properties similar to those of the actual targets, using Monte-Carlo simulations and assuming a power-law power spectral density model. The few common sources with this work show lowsignificance DCF peaks (< 2σ, 22 sources). There are a few additional sources for which the reported time lag is not detected in this study. Given the low significance of these correlations as well as the longer light curves considered here, we conclude that the previously reported correlations were false positive. Out of 41 sources, they found 3 sources with a highly significant correlation (> 2.25σ) in all of which the γ-ray emission led the radio. Although these three sources are not included in our study, our work provides additional evidence for the γ-ray-radio lag noted there (Fig. 6) . Zhang et al. (2017) investigated the optical-radio correlation using data from KAIT and OVRO. They considered 70 common sources and found 55 sources with a significant correlation (DCF correlation coefficient > 0.5). For the determination of the time lag and its uncertainty they used the flux redistribution method (Peterson et al. 1998) . They also find a strong trend for the optical to lead the radio. Of the common sources with a significant correlation, only one source (J1748+7005) appears to be inconsistent. However, it shows a low-significance DCF peak in both studies (σDCF = 1.23. this work; DCF = 0.64, Zhang et al. 2017) , suggesting a higher probability for a false-positive correlation. There are a handful of sources that have a > 1σ correlation (all of which are < 2σ) in our study yet do not appear to have a significant correlation in (Zhang et al. 2017 , DCF < 0.5), and vice versa. These discrepancies are most likely attributed to differences in the adopted methodologies. It is reassuring that most of these cases are in the low-significance range for both studies. Cohen et al. (2014) investigated the optical-γ-ray correlation using data from KAIT and Fermi; our DCF methods follow this work. There are important differences: they only studied the 39 brightest sources in optical and γ-rays, with a common time span of < 5 yr. However, their use of adaptive binning (Lott et al. 2012 ) allowed a better probe of small time lags τ , albeit for only a few sources with very bright flares.
6 Cohen et al. (2014) find correlations for 23/39 (235)], the numerator gives 183 associated radio flares with an optical counterpart in sources with an optical-radio correlation, the denominator indicates 433 radio flares in these sources, and the parentheses (235) give the number of flares during the optical observing season. The last row reports the median flaring rate for each wavelength in flares yr −1 per source.
sources at > 1σ. Still, the finer LAT sampling from the adaptive binning may have revealed a few additional short flares, so such reanalysis could be productive. Of the sources in common, we generally have a substantially higher peak DCF significance. For the common well-detected sources, the measured lags for 19 are consistent, while the remaining sources are either listed as < 68% significance or show small τ which are not well resolved in this work given the sampling of our LAT light curves. We do find 4 additional correlations not reported by Cohen et al. (2014) . With a larger set of sources (and more flares) to compare, our study is more sensitive to differences between the source classes (e.g., BL Lac/FSRQ differences, although no strong trends are seen even with our larger sample). A three-band correlation analysis was performed by Ramakrishnan et al. (2016) for 15 sources using observations spanning 2.5 yr. They used optical, γ-rays, and two radio frequencies (37 and 95 GHz). Their methodology for estimating the DCF and its significance is similar to that of Max-Moerbeck et al. (2014) . For the two sources that show an optical-radio correlation in Ramakrishnan et al. (2016) at 37 GHz, we find larger time lags. This is expected given that 15 GHz typically probes regions farther downstream in the jet than 37 GHz. For the common sources with an optical-γ-ray correlation we find time lags consistent within the uncertainties. We have derived time lags for two sources (J0808-0751, J2232+1143) listed without a correlation in Ramakrishnan et al. (2016) , most likely owing to the longer time span of the observations considered in this work. Generally, although our radio observations are at 15 GHz, and their Fermi light curves are produced using weekly bins, we reach similar conclusions.
CORRELATED FLARING ACTIVITY

Flare Identification
We also want to examine the properties and correlations of individual flaring events. To this end we subjected the light curves to Bayesian block analysis (Scargle et al. 2013 ), which is a method of segmenting the light curves in "blocks" so that all the observations within each block are statistically consistent with a constant value. The only parameter of the method is the prior of the slope for the number of blocks, which was set to ncp prior ≈ 3 for all three bands. Bayesian blocks allow us to model the flux variations in the light curves and obtain a relatively uniform and unbiased list of flare times and flare amplitudes in each band. Flares were identified as local (centre of three blocks) maxima. Since every significant local maximum is counted as a flare, this gives a large rate in highly variable bands, such as the optical. An example Bayesian block decomposition is shown in Figure 2 . This analysis yielded 1284 radio flares, 2465 optical flares, and 732 γ-rays flares in the full survey. The large optical band flare rate may, in part, be caused by the relatively small photometric errors adopted from KAIT aperture photometry. A few "flares" may also be due to poor acquisition (bright stars in the aperture) or other systematic photometric errors. We have, however, visually inspected the light curves to remove the most obvious such events. It is thus interesting that there are a factor of ∼ 3.5 more optical flares than γ-ray events. This is even more significant since ∼ 40% of the optical light curve is lost to seasonal and other gaps, and an additional ∼ 10% is close enough to gap edges to hinder flare detection. In part we expect that this is due to the coarse γ-ray sampling (∼ 30 days vs. ∼ 3 days). Figure 7 shows the Bayesian block representation for four sources with available weekly binning γ-ray data. The 7 d binned light curves appear to trace the optical variability better, which could potentially improve the flare association by reducing the number of falsely matched peaks and decreasing the number of unassociated flares in the optical (see discussion below). However, overall the 30 d binned light curves adequately trace the flaring events in both the 7 d binned and optical light curves. Considering all the available 7 d light curves, we find 18%-66% (average ∼ 50%) more flares than in the 30 d light curves. Including this correction, the expected number of γ-ray flares for the entire sample is comparable to the radio, yet interestingly still less than the optical (Table 1) . One can speculate that a number of lowamplitude flares have occurred in periods where only γ-ray upper limits are available from the 7 d bins; limited γ-ray counts prevent their detection.
The radio flaring rate is intermediate. Here the decrease from the optical may be attributed to the radio emission typically varying on longer timescales. Many flare complexes are seen as overlapping peaks, and so inevitably some peaks are lost in the block analysis because of this smoothing.
Multiwavelength flaring rates
Generally, FSRQs tend to exhibit more flares per source than the BL Lacs in radio and γ-rays, while BL Lacs show more flares in optical. This may be attributed to −1 source −1 in radio and γ-rays, respectively. Ramakrishnan et al. (2015) made a similar Bayesian block analysis with a smaller sample, finding that sources with a γ-ray-radio correlation have 1.2 flares yr −1 source −1 in γ-rays and 0.6 flares yr −1 source −1 in radio. The higher flare rates seen in γ-rays for the sample considered by Ramakrishnan et al. (2015) may be attributed to their weekly binned Fermi light curves. Indeed, repeating the analysis on the 7 d light curves, we find that the sources show ∼ 1.3 flares yr −1 on average. Similarly, their lower flaring rate at radio wavelengths could be caused by OVRO having twice the cadence of the Metsähovi monitoring program. If the radio flares are connected to the ejection of new jet components (e.g., Savolainen et al. 2002) , we would expect to find a similar ejection rate from VLBI studies. Results from the MOJAVE survey for the 1.5 Jy flux-limited sample imply a lower ejection rate (∼ 0.83 ejections yr −1 on average; Lister et al. 2009 ) than suggested by the flaring rate found in this work. Either the faster cadence of the OVRO survey allows us to identify flares that are missed or are not well resolved in the VLBI maps, or a small fraction of these flares are random fluctuations not connected to the ejection of a new jet component. On the other hand, at 43 GHz the ejection rate is higher (∼ 1.25 ejections yr −1 on average; Jorstad et al. 2017) . Given the longer radio time response at 15 GHz, this suggests that some individual events identified in this work might in fact be the superposition of multiple flares that could in principle be resolved at a higher frequency.
Sources that have a significant correlation between at least one pair of wavelengths show on average 1.1 flares yr −1 source −1 in radio, 2.4 flares yr −1 source −1 in optical, and 0.5 flares yr −1 source −1 in γ-rays. Sources that did not exhibit any significant multiwavelength correlation have a lower flare rate on average (0.6 flares yr −1 source −1 in radio, 2.2 flares yr −1 source −1 in optical, and 0.2 flares yr −1 source −1 in γ-rays). Of course, this may be a selection effect, as in sources that show fewer flaring events the light-curve fluctuations are more likely to be dominated by uncorrelated stochastic variations weakening the DCF peaks. Overall, there are 5.4% less optical flares, 42% less radio, and 59% less γ-ray events in sources without any significant correlation compared to sources with a significant correlation between at least one pair of wavelengths.
Associated and Orphan flares
After identifying the flares, we focus on the sources showing at least one significant interband correlation. This allows us to align the light curves using the measured DCF τ and make interband identifications. We consider a flare to be coincident if the Bayesian block of the peak bins overlaps in the two wavebands. We are also interested in "orphan" flares, seen in one band but not another. These have been noted in past studies (e.g., Krawczynski et al. 2004; Rani et al. 2013 ), but it has not previously been possible to make statistical statements about the fraction of unassociated events. Table 1 gives the number of coincident flares in each waveband over the number of flares in correlated sources for the comparison waveband. For the optical we must exclude the time in the seasonal gaps, so we list in parenthesis the number of flares not in gaps.
The first statistic to note is that the high optical flare rate leads to a high coincidence rate -fully 78% of the radio flares in correlated optical sources during the observing window have correlated optical flares. Similarly 86% of γ-ray flares during correlated active optical observations have an optical counterpart. With the wide radio blocks and the 30 d γ-ray sampling, some of these associations are doubtless false coincidences. To quantify this false-pair pollution, we repeat the same analysis for sources with at least a 2σ significant correlation but randomly misalign the light curves with shifts of up to 300 d and compute the number of "associated" flares. This suggests that roughly 18% of radio and 28% of γ-ray flares could be falsely associated with an optical counterpart. The higher percentage of false γ-ray associations is most likely caused by the lower cadence and coarser blocking of the γ-ray light curves. For sources with a γ-ray-radio correlation, fewer than 10% of either radio or γ-ray flares could be falsely associated. Still, we infer that we have identified true associations for ∼ 60% of the radio and γ-ray flares. Unsurprisingly, with the high optical flare rate most are unassociated, with only 18% showing radio counterparts and 12% γ-ray counterparts. In contrast, comparing the radio and γ-rays directly, we see that 32% of the radio flares show associated γ-ray events, while 42% of the γ-ray flares appear also in the radio. We conclude that (at least to our nonuniform sensitivity) over half of the radio/γ-ray events are mutual orphans. While most events have optical associations, and while the fact that we get highly significant correlations means that a fair fraction of these must be real, the high density of optical events does introduce some false pairs.
BL Lacs and FSRQs show a similar percentage of associated radio (∼ 77%) and γ-ray (83-88%) flares with an optical counterpart. FSRQs have roughly 20% of their optical flares associated with either a radio or a γ-ray flare. The percentages are significantly lower for BL Lacs (15.9% associations with radio and 8.4% associations with γ-ray flares). For sources with a γ-ray-radio correlation, 36-41% of flares in FSRQs are associated between the two wavelengths. BL Lacs have fewer associated radio (24.7%) than γ-ray flares (42.8%).
Repeating the flare-association analysis on the 7 d light curves, we find an increase in the orphan γ-ray events for the sources with a γ-ray-radio correlation (although in this case only four sources are considered). For the sources with an optical-γ-ray correlation there is an improvement in the flare association. We find that roughly 24% of the optical and 91% of the γ-ray flares (an improvement of ∼+6%) are now associated with a counterpart. It is interesting that even with a factor of 4 improvement in the sampling of the γ-ray light curves, there is only a small reduction in the number of orphan optical events. This suggests that although repeating the analysis with more finely binned light curves for the entire sample would undoubtedly be beneficial, our statistical results and conclusions are not strongly affected by the choice of coarser bins.
Flare Amplitude Distributions
Our Bayesian block analysis also lets us compare the flare amplitude distributions. We compute the flare flux density by computing the weighted average flux density within the lowest 20% of the entire light curve as a background/quiescence level and subtracting this from the flux density in the peak block. We can then compare the amplitude distributions of various sources (and source groups) using the Wilcoxon rank-sum (WRS) test 7 . One useful comparison is between the associated and orphan flares. For example, taking optical-radio and optical-γ-ray correlated sources, the associated flares are distinctly brighter than the orphan sets (WRS p-value < 10 −4 % for all these bands). In contrast, for the γ-ray-radio correlated sources the orphan γ-ray flares are consistent with the correlated set (30.9%) while the associated radio flares are brighter at a statistically significant (P ≈ 10 −13 %) level. This would hint that the mechanisms driving the two wavebands' events are not strictly proportional.
DISCUSSION AND CONCLUSIONS
In this work we have investigated the temporal correlations between the optical, radio, and γ-ray emission of a large sample of blazars. Out of the 145 sources, 105 revealed at least one > 1σ significant correlation coefficient between wavebands. Out of these, 38 showed a correlation in only one pair of wavelengths, 35 in two pairs, and 32 in all three pairs. Based on the significance of DCF peaks, we estimated that only 9.8% of the optical-radio, 6.4% of the optical-γ-ray, and 11.2% of the γ-ray-radio cross correlations will be false positives. For the sources with a > 2σ significant correlation the false-positive rate is roughly 2% in any wavelength pair. It should be noted that blazars exhibit a wide variety of flaring patterns and behaviours which could be the result of different mechanisms operating even in the same source (e.g., Chen et al. 2012; Liodakis et al. 2017) . It is possible for a source to show both correlated and uncorrelated events with other wavelengths, which can impact the significance of DCF. This could explain why many of our sources show only a 1σ or 2σ significant DCF peaks. Our results are qualitatively consistent with those of previous studies, but our longer time base has allowed us to identify a larger number of, and more significant, correlations. Continued monitoring would doubtless improve the situation further.
We find that the optical-γ-ray time lags are generally small, while both lead the radio by ∼ 30-150 d. However, there are three sources (J0433+2905, J1849+6705, and J2236+2828) in which all three wavelengths are correlated with lags < 30 d. In fact, unusually, J0433+2905 shows the optical emission coming 20-30 d earlier than both radio and γ-rays (the other two are more conventional). This suggests that the emission regions are located in close proximity. The fact that there is a strong connection between optical and γ-ray variations favours leptonic (i.e., inverse-Compton scattering of the optical photons as the production mechanism for the γ-ray emission) over hadronic processes. On the other hand, the fact that the radio usually lags all other wavelengths suggests that it is typically downstream from both the optical and γ-ray emission regions. Since the radio variations are connected to the ejection of new components from the radio core seen in VLBI maps (Savolainen et al. 2002) , this would place the γ-ray emission regions between the supermassive black hole and the radio core. Combined with the generally longer timescale variations seen at radio wavelengths (e.g., Hovatta et al. 2007 ), our results favour emission scenarios of an expanding disturbance propagating in the jet and becoming optically thin at higher frequencies before becoming transparent at radio wavelengths (e.g., Marscher & Gear 1985; Max-Moerbeck et al. 2014) .
Using Bayesian block decomposition (Scargle et al. 2013) , we have studied a large number of individual flares and their multiwavelength properties. We have relied on the DCF analysis to align these light curves, allowing cross-band identification of individual flaring events. This has also for the first time allowed a robust determination of orphan (to our sensitivity) flares in all three wavebands.
Overall, sources showing a lower flaring rate tend to have less significant interband correlations, but this may be a simple selection effect. Comparing BL Lacs and FSRQs, the former show a higher flaring rate in the optical (3.6-3.7 vs. 2.3-2.5 flares yr −1 source −1 on average), while showing lower radio (0.9-1 vs. 1.1-1.3 flares yr −1 source −1 ) and γ-ray (0.3-0.5 vs. 0.6-0.8 flares yr −1 source −1 ) activity. Two main effects limit the present analysis. First, seasonal gaps in the optical light curves limit the number of flare identifications and make long-term trends difficult to follow. Although observational gaps in the optical are unavoidable because of the Sun, in many cases these are enlarged (or even induced) by weather and/or technical related constraints. Multisite monitoring could help minimise the extent of said gaps. Second, we have used only publicly accessible γ-ray light curves, with coarse 30 d sampling. As shown in Figures 5 and 7 (see also the discussion in Section 3), our overall statistical results and conclusions should not be strongly affected by the choice of bin size; however, finer sampling such as the adaptive binning used by Cohen et al. (2014) can find more flares and probe shorter timescales . For this reason, our results on the flare rates and flare associations with respect to the γ-ray light curves should be treated as limits. We are currently pursuing a more detailed analysis of the γ-ray light curves that will allow us to probe time delays and flare associations on shorter timescales between optical and γ-rays.
In summary, our results show the following.
• The radio emission generally lags the optical/γ-rays, suggesting that the higher energy radiation arises inward of the radio cores of the jets.
• The optical emission is closely connected to the γ-ray emission, with roughly half the sources having time lags consistent with zero.
• A few sources seem to have all three bands colocated (e.g., J0433+2905, J2236+2828).
• Low radio and γ-ray activity likely explains the lack of significant correlation for many of our sources.
• We found no significant difference between associated and orphan γ-ray flares in sources with a significant γ-rayradio correlation. In all other cases (and wavelengths), flares have higher flux when associated with the other band than when they are orphans.
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